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VEHICLE REAR VISION SYSTEM WITH ELECTROCHROMIC MIRROR 
BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to a vehicle rear vision system with an 
electrochromic mirror. 




2. Description of the Related Art 

T^ehicle rear vision systems are known which have at least one rearview mirror 
unit provided*with an electrochromic mirror, a control device and a vehicle power supply 
device, the contro?d^c^being connected for its power supply with the vehicle power 
supply device and with the electrochromic mirror in order to control the reflection 
properties of the mirror in responsetb^a^control voltage. Triggering of the 



to^a^corra 



electrochromic mirror in relation to its transmission or reflection properties comes about 

\ / 

through a dc voltage that may be adjusted in level according to light sensors. JTho 
triggering voltage vari es in a range betw een OV and approximately l^^V^Jlie-dc'Voltagei 
is generated from the control device whose essential compone^^a^generally located in 
the housing of the rearview mirrorjocated'itrtte 

-onJhe amount of glare. As a rule, both the interior mirror and rearview mirror^^located 
on the exterior of the vehicle (exterior mirrors) are provided with electrochromic mirr< 
generally the low control voltage is used for the uniform actuation of the interior mirror 

< ^^^fthe"exrenorTmtTOTSr^===- 



*s; 




However, problems arise from the fact that the vehicle voltage of standard 
passenger vehicles is generally between 9V and 16V (nominal 12V), while the highest 
value of the variable control voltage is only about 1 .2V. The consequence of this is that, 
with a typical current through an electrochromic mirror of approximately 300mA, 
dissipation of approximately 4W has to be converted into heat. On devices according to 
the state of the art, this transformation generally happens by means of a power transistor 
that is accommodated in the very low volume housing of the interior mirror. In order to 
cool down the very high temperatures occurring, aluminum-cooling plates that have to be 
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attached to the power transistor are generally used. 

This unavoidable dissipation proves to be particularly problematic in the 
miniaturization of the electronics. According to the present state of the art it is possible 
to integrate the entire electronics for actuating an electrochromic mirror in an integrated 
power semiconductor component (power IC). A power IC of this kind would however 
have to be able to lead away the above-mentioned 4W dissipation to the environment in 
such a way that its inner chip temperature remains below a critical value of generally 
125 °C. This in turn requires, as well as a suitable costly power housing of the power IC, 
a sufficiently large volume of surrounding air that has a temperature low enough to cool. 
A large space of this sort is however not generally available in the interior mirror 
housing (moreover this large space requirement works against the intended 
miniaturization). On exterior mirrors, this problem is further intensified; as well as there 
being generally an even smaller space available, here also the increased basic temperature 
of the mirror housing (for instance as a result of intensive sunshine in the summer) has to 
be taken into consideration. 

Thus the purpose underlying the present invention is to create a vehicle rear 
vision system that makes possible the accommodation of the control device in the 
smallest space, without the dissipation that occurs leading to an impairment in the 
functioning of the control electronics system. 

Through the fact that the control device has a sheet-type heating resistor to carry 
away the heat occurring through electrical dissipation, an impairment of the functioning 
of the control electronics can be prevented by an "evacuation" of the heat that occurs. 
Secondly it is possible to divert the heat occurring in the sheet-type heating resistor to a 
place where it fulfills for example the useful function of a heating device (for example 
for a mirror surface). 
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SUMMARY OF THE INVENTION 

According to one aspect of the invention, an advantageous embodiment provides 
for the heating resistor to be applied as a coating to a carrier material, such as for 
example the non-reflective rear side of the mirror of the rearview mirror unit, a plastics 
foil or a flat electrical line ("flex" or strip cdnductor connection). The coating can.be 



7, ,.,) 



applied to a variety of flat carrier materials such that the heat that occurs here does not 
impair the functioning of the control eleOTonics'and can also be used advantageously (for 
example to stop clouding over of the glass or icing of objects). 

A particular advantageous embodiment provides for the heating resjsjprfffbe 
disposed in meander shape on the carrier material, preferably a plastjp6*foil. On the same 
plastics foil there can moreover be disposed a meander-shapgd'lmrror glass heating 
system produced in the same way, it being possible^o'dispose the meander structures of 
the two resistors compactly beside onejinotJieT or interlocking with one another. In order 
to constantly guarantee a condensation-free mirror, this foil can be provided on both 
sides with double-sided adjiesive tape and be glued on one side to the rear side of the 
mirror and onAepther to a glass support plate. As well as very good heat conduction 
towards thetnirror to be heated, this moreover makes possible low-cost attachment of the 



A further advantageous embodiment of the present inventionjxrdvides for the 
control device to have a unit for pulse-width modulationjofa^edntrol signal with a signal 
level, preferable at the level of the vehicle voltage and'the unit for the pulse-width 
modulation to be connected to a convert^^^miging to the control device, for 
converting the pulse-width modulatej^ghal into an analog control voltage. It is 
particularly advantageous v^^^tMsignal level is at the level of the vehicle voltage, to 
convey a signal generated*from a signal generation unit located in the housing of the 



interior mirror to^the exterior mirrors. In this case, the converter according to the 
invention is^located in the region of the exterior mirror; the dissipation occurring in the 
miixp/auring the conversation of the pulse-modulated signal at the level of the vehicle 
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voltage into an analog control voltage of a lower levelis-etfnverted again in a heating 
resistor according to the invention. In so doingf tlie separate earth wire between interior 



mirror and exterior mirrors, usual injear vision systems according to the state of the art, 
is necessary in order to bakmce'the potential differences between the interior and exterior 
mirrors of the vehicle .^^This stems from the fact that, when a voltage is supplied from the 
interior mirror.to'The exterior mirrors at the level of the vehicle voltage, the potential 



rerenpi 
lfrol v< 



differences^ are of considerably less significance than with direct transmission of the low 




control voltage (e.g. a maximum of 1.2V). 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other advantages of the present invention will be readily appreciated as the same 
becomes better understood by reference to the following detailed description when 
considered in connection with the accompanying drawings wherein: 

Fig.l is a plan view of a heating resistor according to the invention on the rear side of an 
electrochromic mirror, 

Fig. 2 is a cross-section through an exterior mirror according to the invention, 

Fig. 3 is a block diagram of a vehicle rear vision system according to the invention, and 

Fig. 4a and 4b show two possible ways of arranging the wiring of a heating resistor 
according to the invention. 

/ 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Fig. 1 shows a dissipating resistor 3 a^rrding to the invention^luch in the 
following is called a heating resistor and wtfich is embodied in a'meander shape and 
disposed on the non-reflective rear sider2a of an electrochromic mirror 2 of a rearview 
mirror unit. The application of themeating resistor to the rear side of the mirror 2a can 
come about by means of metaWoating in a plasma process, screen-printing using resistor 
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paste (the resistor paste is applied in the form of the desired heating element) or galvanic 
coating. The heating resistor 3 (i.e. the coating) can be of copper, silver or aluminum. In 
each case, the heating resistor is configured in flat lines. A heating resistor voltage is 
released between the electrical connections 3a and 3b that represent the beginning and 
end of the heating resistor 3. 

Likewise, a mirror glass heating system 6 is attached to the^re^v^ide 2a of the 
electrochromic mirror 2, which system in addition heats the minor 2. This can also be 



disposed in meander shape as it proves particularly advantageous if, as shown in Fig. 1 , 
the course of the mirror glass heating system 6 is designed complementary to the course 




of the heating resistor 3. It is not absoluteh^necessary to dispose the heating resistor 3 
directly on the electrochromic mirror 2>^There is admittedly an advantageous heating 
effect here that helps to preventing or clouding over of the mirror surface, but other 
arrangements are also possible. Thus, for example, provision can be made for the heating 
resistor 3 to be applied to foil printed circuits ("flex" or "FPC" supply lines). These 
supply lines carflfo example provide the electrical connection between the control device 
and the electrochromic mirror or also connect individual elements of the control device 
to one another (see in this connec tio n also Fig L 3) 




Fig. 2 shows the cross-section of^atfexterior mirror according to the invention or 



an exterior mirror jn^5\ Tffi 

connected, in a manner^hat is not shown in detail, with a control device. This control 
device or partsaflne control device (see Fig. 3) can be accommodated within the 
housinjUHrt the exterior mirror unit 5 (in Fig. 2 only the heating resistor 3 belonging to 
t^^ontrol device and lying inside the housing 9 is shown). 

The housing 9 is connected via a web 19 with the exterior chassis 18 of an 
automotive vehicle. A glass adjustment drive 8 situated inside the housing 9 carries a 
glass support plate 7. To the side of the glass support plate 7 remote from the glass 
adjustment drive 8 is attached a heating resistor 3 according to the invention. This is 
connected with further elements, not shown, of a control device via electrical contacts 3a, 
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3b, which can be embodied as flexible cables. The electrochromic mirror 2 is attached to 
the side of the heating resistor 3 remote from the glass support plate. The attachment of 
the heating resistor 3 between the glass support plate 7 and the electrochromic mirror 2 
can come about in various ways. The heating resistor 3 can for example be applied as a 
solid coating to the rear side 2a of the electrochromic mirror. 

A further possibility is that the heating resistor 3 is embodied as a foil composite. 
To this end, the resistor element running between the contacts 3a and 3b is enclosed 
between two foils. It is now possible to attach this foil composite as a form-fit, for 
instance by means of a snap-on plug connection, to the rear side 2a of the electrochromic 
mirror. Another variant provides for the outer sides of the foil composite to be self- 
adhesive. In this case, the heating resistor 3 ensures the secure connection of the mirror 2 
on the glass support plate 7 (instead of tile self-adhesive exterior surface of the foil, a 
double-sided adhesive tape can naturally also be glued to the outer sides of the foil 
composite, which has the same function). 

\^ It is also possible to accommodate further elements of the control device, e.g. an 

integrated circuit, between the glass support plate 7 and mirror 2. This integrated circuit 
can either be applied directly to the rear side 2a of the mirror 2 or to a foil. The 

^ application ean-eome-about'i^^^^ technology or chip-on board technology. An 
integrated circuit could also be accommodated within the foil composite described 
above. Heat-resistant plastics are preferable used as foils here. 

Further elements of the control device, for instance a digital-analog converter, can 
likewise be accommodated inside the housing 9 of the exterior mirror unit 5, for example 
inside the glass adjustment drive 8. 

The above embodiments referred by way of example to the exterior mirrors 
shown in Figs. 1 and 2. The described embodiments are similarly applicable to interior 
mirrors. 
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Fig. 3 shows the diagrammatic construction^of'tTie whole vehicle rear vision 
system. This contains two rearview units^atflnterior mirror unit 4 as well as an exterior 
mirror unit 5. A vehicle power supply device, not shown in detail, provides a dc voltage 
of a nominal 12 V. Th^v^i£te*voltage can however be between 5 V and 24 V, depending 
on the automotive^vdhicle. The vehicle power supply device is connected to the control 
unit in order^to supply it with power. The exterior mirror unit 5 has one or two 



electrpcnromic mirrors, (respectively one on each side of the vehicle); the interior mirror 
tmt has 




; has one electrochromic vehicle mirror. 



A glare sensor 10 attached to the interior mirror and orientated in the direction of 
reflection of the electrochromic mirror (i.e. towards the rear of the vehicle), measures the 
incident light flux from the rear of the vehicle (for instance from vehicles traveling 
behind same). A daylight sensor 11, which is orientated e.g. in the direction of motion or 
towards one side of the vehicle, determines a further light flux. Sensors 10 and 1 1 are 
connected to a computing unit 20 of the control device for data transmission. Depending 
on the measurement values of the sensors, the amount of glare is determined by the 
computing unit 20, and converted into an analog control signal. 



This analog control signal is then supplied to a transistor (see input 17a of 
transistor Q in Figs. 4a and 4b)^TY^circi^shown in Figs. 4a and 4b, which will be 
described in detail later, makes available to the electrochromic mirror 2 a dc voltage ^ 
varying between OJV^kTuSV according to the amount of glare. In dependence on this 
voltage, the'reflection properties of the electrochromic mirror 2 alter in known fashion. 
Ch^analog voltage 21 is approximately between 0V and 1 .5 V. It can however, 
according to the embodiment, cover higher voltage regions, e.g. from 0V- 2.5V. 

In addition to controlling the reflection properties of the interior mirror, the 
computing unit 20 also controls the reflection properties of at least one electrochromic 
mirror 2 of the exterior mirror unit 5. To this end, the computing unit 20 transmits an 
analog signal, as was for instance supplied to the electrochromic mirror 2 of the interior 
mirror unit 4, to the electrochromic mirror 2 of the exterior mirror unit 5. This signal can 
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be transmitted directly. Fig. 3 shows a further possible way of transmission. 



This possibility includes the analog control signal being digitized first of all in an 
analog-digital converter 15, which is accommodated for instance in a roof module, of an 
automotive vehicle, (according to the design of the computing unit 20, in some 
embodiments a micro-controller integrated in the computing unit 20 can already emit a 
digital signal). The signal digitized in the analog-digital converter 1 5 is led by means of 
a data bus to a door control apparatus 12. The door control apparatus 12 is designed as a 
node, which controls all the functions of the door, such as glass adjustment drive, mirror 
glass heating, tilting mechanism drive, lighting devices and signal device. ^ 

The connection between the door control apparatus 12 and unit/14 shows a 
further variant of the transmission of the control signal to an electrochrotrric mirror 2. 

< — ■ 

The door control apparatus 12 belonging to the control device includes a unit for 
the pulse-width modulation of a control signal with a signal level at the level of the 
vehicle voltage (naturally, as well as the standard 12V vehicle voltage, other levels of 
voltage are possible). The pulse-width modulated brightness signal is led with a signal 
level at the level of the vehicle voltage to unit 14. Unit 14 has a converter, belonging to 
the control device, for converting the pulse-width modulated signal 1 3 into an analog 
control voltage. In order to avoid the heat problems depicted in the introduction to the 

%ecification, in this conversion a circuit arrangement as per Figs. 4a or 4b is needed, 
le low analog control voltage (preferable between^v and 1.5V) is then led to the 
l electrochromic mirror 2. Q\/ 

V — 7 

In the present example, the computing unit 20 is accommodated in the interior 
mirror unit. It is naturally possible to accommodate the computing unit 20 in the exterior 
mirror unit 5 also. As a result of the design according to the invention of a heating 
resistor, no heat problems here occur in the exterior mirror, the heat can even be used as 
available heat for heating the mirror surface. The computing unit can also be 
accommodated in other places, for example in the region of the door control apparatus 12 
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or of the roof module. 




The embodiment given by way of example and shown in Fig. 3 thus shows a 
plurality of transmission paths between the computing 20 and an electrochromic mirror 
2: 

1 . analog transmission 

2. digitization and transmission by means of data bus 

3. pulse-width modulation with a signal level e.g. at the level of the vehicle 
voltage. 

It is naturally possible to usejus^one^^^ftfie systems presented for signal 
^ransmission. For this, infoepase of digital transmission by means of data bus, 
(preferable a UART,or*(5AN protocol is used) e.g. a digital-analog converter is necessary 
for convertipg*fhe.data bus signal into an analog control voltage. 

Fig. 4a shows a circuit for minimization of heat development in the region of the 
transistor Q. The sheet-type heating resistor 3 is connected in series to a parallel circuit 
of a control transistor Q and an electrochromic mirror 2. Between points 23 and 24 is 
released a voltage at the level of the vehicle voltage. Through input 17a, a control 
voltage or a control signal is supplied to the transistor Q, by which means the current 
passing through transistor and resistor is adjusted. Depending on this transient current, a 
different component voltage is released on the heating resistor R such that a residual 
voltage of a different level remains on the electrochromic mirror 2 and is for example in 
the region between 0V and 1 .5 V. The use of a circuit as per Fig. 4a is particularly 
advantageous since the dissipation occurring in the transistor is particularly low therein, 
(instead of the 4W mentioned initially in power transistors according to the state of the 
art, here e.g. only 0.5W are to be converted in the transistor). 

Fig. 4b shows a rarther embodiment of a circuit arrangement according to the 
invention. Between points 2*kand 24 there is a voltage of approximately 12V (the level 
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of the vehicle voltage). Irrfhis embodiment, the transistor Q, which is actuated by a 



control signal 17a ? ,the heating resistor 3 and the electrochromic mirror 2 are connected in 
series. As in,the arrangement shown in Fig. 4a, the heating resistor is disposed flat (e.g. 



af'or i 



in a spiral or meander shape). 

The circuits shown in Figs. 4a and 4b should be so laid out that the maximum \ /J^gw? (j, 
control voltage on the electrochromic mirror is less that 25% of the nominal vehicle Jg0^ 
voltage. 

The invention has been described in an illustrative manner, and it is to be 
understood that the terminology, which has been used, is intended to be in the nature of 
words of description rather than of limitation. 

Many modifications and variations of the present invention are possible in light 
of the above teachings. It is, therefore, to be understood that within the scope of the 
appended claims, the invention may be practised other than as specifically described. 
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